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[57] ABSTRACT

An antenna of the random spare volume array type
comprising a plurality of elementary antennas with
almost omnidirectional individual radiation distributed
according to a statistically isotropic random relation-
ship of distribution within an enveloping volume havmg
a shape generated by revolution, the mean spacing be-
tween elementary antennas bemg notably greater than a
half wavelength of the minimum frequency to be re-
ceived or transmitted, each elementary antenna being
connected to an active module comprising individually
controllable phase-shifters themselves connected to a
common distributor. According to the disclosure, the

elementary antennas are formed by dipoles oriented
vertically and supplied by a supply line comprising a
first section, extending horizontally between the respec-
tive dipole and a common vertical tower coaxial with
the enveloping volume having a shape generated by
revolution, and a second section extending to the inte-
rior of this tower and ending in the distributor. The
antenna thus made has a vertical polarization which 1s
advantageous In many examples of use (navy, second-
ary radars etc.) with, owing to the use of simple dipoles,
a very small reflecting surface that makes it very diffi-
cult to localize. Furthermore, through this structure,

" the first sections of the supply lines may easily be self-

supporting for the mechanical support of the dipoles on
the common vertical tower formed, for example, by a
ship’s mast.

7 Claims, 2 Drawing Sheets
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ANTENNA WITH THREE-DIMENSIONAL
COVERAGE AND ELECTRONIC SCANNING, OF
THE RANDOM SPARE VOLUME ARRAY TYPE

5
BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention concerns an antenna with
three-dimensional coverage and electronic scanning, of
the random spare volume array type.

2. Description of the Prior Art

There are several known types of antennas that make
it possible to obtain a three-dimensional coverage (most
usually a hemispherical or almost-hemispherical cover-
age) using a configuration of fixed elements combined 15
with electronic scanning, namely an antenna wherein
the shape of the radiation pattern (notably the direction
of a major lobe) is modified by playing on the individ-
ual, adjustable phase shifts of the different elements
forming the array. | 20

The configuration most commonly used, in practice,
to make an antenna such as this consists in distributing

the different elementary antennas of the array over one

or more reflecting surfaces such as, for example, the
surface of a cylinder or a plurality of differently ori- 2
ented panels. | |

These antennas, of the so-called surface array type,
aré not however satisfactory in all respects. For exam-
ple:

the cylindrical surface array has the drawback of 30
mediocre coverage for relatively great elevation angles,
that is when the direction of the zenith is approached;

the multiple-panel antennas enable this drawback to
be overcome by placing the different panels (generally
four in number) on the faces of a truncated pyramid, 33
thus enabling a relatively satisfactory hemispherical
coverage to be obtained.

However, these multiple-panel antennas are rela-
tively costly, for each panel, and hence each antenna of
the array, works in only one quadrant (in the case of an 40
antenna with four panels). '

As a matter of fact, for a given direction of the major
lobe, only one of the four panels is used, and the elemen-
tary antennas of the other three panels in no way con-
tribute to the formation of the beam in this direction. 45

As a result, to have total azimuthal coverage avail-
able, the number of antennas and phase-shifter modules
have to be quadrupled, thus correlatively placing a
burden on the cost of the entire unit.

Besides, there is another known type of antenna with 50
three-dimensional coverage and electronic scanning
wherein, unlike in multiple-panel or cylindrical surface
antennas, all the elementary antennas of the array take

part in the formation of the beam and contribute to the
" gain of the antenna, irrespectively of the direction of the 55
major lobe.

These antennas are so-called *“volume” antennas
wherein, unlike in surface antennas, the elementary
antennas are no longer distributed on the surface of a
given plane or given volume but within a volume, (gen- 60
erally a sphere). |

The elementary antennas are distributed in this vol-
ume as unevenly as possible so as to minimize the mu-
tual coupling among elementary antennas and thus at-
tenuate the lobes of the array to the maximum extent. 65
This condition is obtained by distributing the antennas
in the volume according to a statistically isotropic ran-
dom relationship of distribution and, furthermore, by

10

2

providing for a mean spacing between elementary an-
tennas that is, notably, greater than a half wavelength.

We thus speak of a “random spare array”. In arrays
such as this:

the sparing process enables economizing on the num-
ber of radiating elements for a given dimension of the
array, i.e. for a given aperture of the array. It also ena-
bles a sharp reduction in the couplings among sources,
which are frequent causes of deterioration in the perfor-
mance characteristics of array antennas; and

the randomness enables the elimination of the lobes of
the array inherent in regular structures with large

pitches. _

An antenna such as this has been described notably in
the document DE-A-28 22 845.

More precisely, this document describes a so-called
“crow’s nest” antenna, namely an antenna formed by an
array wherein the elementary antennas are open loops
or turnstile antennas radiating on a horizontal polariza-
tion and placed at the top of the vertical coaxial lines of
supply.

Although it appears to be an approach that 1s very
worthwhile for an antenna with three-dimensional cov-
erage and electronic scanning, this type of antenna,
while having been proposed for more than 10 years, has
been made only on an experimental basis until now,
without any effective application to the different fields
where an antenna of such a type might prove to be
particularly desirable, namely fields such as those of air
and naval defence, radar for weapons systems, second-
ary radars for aviation etc. .

For, first of all, the length of the coaxial lines (of
which the longest ones have a length equal to at least
twice the radius of the enveloping sphere) makes the
system mechanically weak. Hence, if it is desired to
have the requisite precision of positioning of the differ-
ent loops inside the sphere along with adequate overall
rigidity, it becomes necessary to provide for additional
mechanical mean such as nylon threads holding the
semi-rigid supply cables in position and/or means to
bury the entire array in a mass of foam (polyurethane
foam for example).

In addition to the difficulties of mechanical imple-
mentation, in the latter case, the presence of foam plays
the role of a thermal insulator which prevents the re-
moval of calories if the antenna should be used 1n trans-
mission. This point restricts this approach to low-power
reception or transmission antennas and the problem of
removal of calories is unresolved.

A second drawback, also related to the great length
of the supply lines, is the inherent phase shift introduced

" by these lines. This phase shift. may vary in great pro-

portions (depending on whether the line is short or
long) and it will be necessary to provide for compensa-
tion to prevent the appearance of phase errors indepen-

‘dent of the direction of aim.

These drawbacks, both mechanical and electrical,
related to the great length of the supply lines, are all the
more inconvenient as the dimensions of the sphere are
greater than the wavelength. Now, the fact that the
narrowness of the beam (the angle of aperture of the
major lobe) is directly related to the dimension (ex-
pressed in wavelengths) of the sphere leads to restrict-
ing the performance characteristics of the system as
regards its beam narrowness. .

Thirdly, a array such as this is highly “visible” in
terms of radar signature, owing to the use of loops or
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turnstile antennas. Now, the use of such types of ele-
mentary antennas is inevitable because, by its nature, an
array requires antennas with a pattern that is azimuth-
ally almost omnidirectional in amplitude as well as in
phase. |

Fourthly, owing to its structure, this known type of
antenna is restricted to working essentially in horizontal
polarization.

Now, a great many applications absolutely call for a
vertical polarization. This is the case, for example, with
onboard radar antennas in ships (for, the vertical polar-
1ization gets rid of the effects of reflection on the sea) or
again for antennas for secondary radars, notably IFF
(Identification Friend or Foe) radars.

These different reasons explain the reason why, de-
spite its obvious theoretical advantages and the need for
an antenna with three-dimensional coverage and elec-
tronic scanning in many fields of application, this
known type of antenna has not gone beyond the experi-
mental stage until now.

SUMMARY OF THE INVENTION

An object of the present invention is an antenna of the
random spare volume array type described further
above which overcome all the above-mentioned draw-
backs while, at the same time, retaining a structure that
is simple, sturdy and, therefore, costs little to make.

This antenna 1s formed, in a manner known per se, by
a fixed array comprising a plurality of elementary an-
tennas with substantially ommdirectional individual
radiation distributed according to a statistically 1so-
tropic random relationship of distribution within an
enveloping volume having a shape generated by revolu-
tion, the mean spacing between elementary antennas
being notably greater than a half wavelength of the
minimum frequency to be received or transmitted, each
elementary antennas being connected to individually
controllable phase-shifter means themselves connected
to common distributing means.

In a manner characteristic of the present invention,
the elementary antennas are formed by dipoles oriented
vertically and supplied by a supply line comprising a
first section, extending horizontally between the respec-
tive dipole and a common vertical tower coaxial with
the enveloping volume having a shape generated by
revolution, and a second section extending to the inte-
rior of this tower and ending in the distributing means.

The enveloping volume having a shape generated by
revolution may notably be a sphere.

Very advantageously, the first sections of the supply
lines form self-supporting means for the mechanical
support of the dipoles on the common vertical tower.

As compared with a crow’s nest antenna, a major
reduction 1s thus achieved in the length of the sections
of the supply lines which form the self-supporting
means: the maximum length of these means 1s, at the
most, equal to the radius of the sphere (more precisely,
it is equal to the radius of the sphere less the radius of
the central cylinder) while, in the prior art crow’s nest
structure described further above, this length was at
least equal to twice the radius of the sphere.

In view of the reduced length, it is no longer neces-
sary to bury the array in a foam or to provide for ancii-
lary supporting means.

From the radio-electrical point of view, the central
tower only moderately disturbs the radiation pattern
and, in any case, has no effect on the azimuthal isotropy
of the beam owing to its axial position. In other words,
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the non-uniformity introduced by the central cylinder
will be essentially a non-uniformity in elevation where a
deterioration of the performance characteristics of the
array in the vicinity of the zenithal region are quite
accepted.

Furthermore, in the case of a radar for naval use, the
central tube may be advantageously formed by a ship’s
mast or by a similar superstructural element, thus mak-
ing it easier to seek an appropriate location for the an-
tenna and making the mast neutral from a radio-electri-
cal point of view. This advantage is particularly appre-
ciable in ships, where superstructural elements close to
the antenna always contribute major disturbances to the
pattern. Besides, the structure of the antenna makes it
possible to easily place the active modules, which are
inside the vertical tower and hence are in the vicinity of
the elementary antennas, on the supply line, thereby
increasing their efficiency to that extent.

Finally, owing to the use of simple dipoles as elemen-
tary antennas, the array can be made practically invisi-
ble in terms of its radar signature by choosing very thin
wires for the making of the dipoles, hence wires that
have a very small equivalent reflecting surface (unlike
in loops or turnstiles of the prior art).

BRIEF DESCRIPTION OF THE DRAWINGS

Other characteristics and advantages of the present
invention will appear from the following detailed de-
scription, made with reference to the appended draw-

ings, of which:

FIG. 1 shows a schematic view of an embodiment of
the antenna according to the teachings of the present
invention;

FIG. 2 shows an alternative embodiment of the an-
tenna of FIG. 1, wherein the active modules are placed
in the central tower, in the vicinity of their associated,
respective elementary antennas;

FIGS. 3 and 4 are graphs giving the gain as a function
of the elevation angle of the array according to the
Invention.

DESCRIPTION OF PREFERRED
EMBODIMENTS

FIGS. 1 and 2 give a schematic view of the array
according to the invention. |
It will be noted that, for the clarity of the drawing,

. the respective proportions among the lengths of the

different elementary antennas (one half wavelength),
their respective spacings (of the order of several wave-
lengths), the diameter of the enveloping volume (of the
order of several wavelengths or several tens of wave-
lengths) and the diameter of the central tower (of the
order of one wavelength or a fraction of a wavelength)
have not been maintained.

Besides, as shall be seen further below, the different
dimensions that we have indicated may vary in high
proportions as a function of the performance values
(gain, narrowness of the beam etc.) desired for the ar-
ray.

- The structure essentially has a array 1 formed of a
plurality of elementary antennas formed by simple ver-
tical dipoles 3, distributed randomly inside a enveloping
volume 2 in accordance with the principles of random,
spare arrays which have been explained further above.

The dipoles 3 are each connected by an inherent
supply line 4, § to an active module 6.

(The term *“active module” implies an electronic
module comprising at least one individually controlla-
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ble phase-shifter circuit, but one that could further com-
prise, amplifier and filtering circuits, transmission
means, reception means etc., depending on the functions
assumed by the antennas and on the types of signals that
it might have to transmit or receive).

The different active modules 6 all end in an antenna
distributor 7 which is itself connected to the transmis-
sion and/or reception circuits 8. |

The supply lines of each dipole are formed by two
sections 4 and §.

The first section 4 is essentially horizontal to be trans-
parent (from the radio-electrical point of view), given
the vertical polarization obtained by the antenna.

Besides, from the mechanical point of view, this first
section 4 has an essentially rigid structure so that, 1n
addition to its role of supplying the dipole 3, it plays the
role of a mechanical support for this dipole on a central
tower 9.

The second section 5§ of the supply line runs inside the
tower 9.

The tower 9 is made of a material forming a radio-
electrical shielding so that the sections 5, which are
generally vertical, do not disturb the pattern of the
antenna, which also has a vertical direction of polariza-
tion. _

In the embodiment of FIG. 1, the active modules 6

are placed at the end of the section § of the supply line,
in the vicinity of the distributor 7 (generally located at
the base of the antenna or at the base of the tower).

By contrast, in the embodiment of FIG. 2, the active
modules 6 are placed inside the tower 9, at the end of
the horizontal section 4.

Although this second configuration calls for an in-
crease in the diameter of the tower 9 to make it possible
to house the active modules of the different elementary
antennas, it has the advantage of reducing the distance
between each elementary antenna and its associated
active module to the minimum, thus enabling a substan-
tial improvement in the performance characteristics of
the antenna, from the viewpoint of both the signal-to-
noise ratio and the disturbances caused by the inherent
phase shifts of the supply lines.

In one variant (not shown), the active modules may
also contain transmission and reception means. In this
case they are positioned, for example, in the same way
as the phase-shifter means 6 shown in FIGS. 1 and 2.
The distribution means would no longer appear in this
example. ‘

The vertical tower 9 may have (notably in the em-
bodiment of FIG. 1) a very small diameter (less than
one wavelength) and may consequently contribute only
a minimal degree of inconvenience to the almost hemi-
spherical pattern of each elementary antenna.

All the elements of the array may be placed in an
open space or else inside a protective radome or else,
again, they may be buried in an appropriate material
such as polyurethane foam (although this approach, as
indicated further above, is not satisfactory from the
viewpoint of heat dissipation when the array is used in
transmission).

The enveloping volume, in its simplest shape, is a
sphere.

However, this shape is not restrictive and it is possi-
ble to contemplate other shapes of enveloping volumes,
namely shapes with a height/main diameter ratio which
is different from 1, provided that these are shapes gener-
ated by revolution. |
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This choice actually depends on the narrowness of
the desired beam as a function of the elevation angle. A
spherical volume corresponds to a substantially uniform
beam irrespectively of the elevation angle while a flat-
tened shape, close to that of a disk, will make it possible
to obtain the narrowness of the beam essentially for
great elevation angles.

In other words, it is the apparent contour of the en-
veloping volume, seen from the target, that will deter-
mine the narrowness of the beam.

As for the number of dipcles in the array, the relative
mean spacing between these dipoles and the diameter of
the enveloping volume may vary greatly as a function
of the desired performance characteristics:

Essentially:

the number of elementary antennas determines the
gain of the antenna in the chosen direction: the greater
the number of elementary antennas, the higher is this
gain; and

the diameter of the sphere determines the narrowness
of the beam; the greater the size of the sphere, the nar-
rower is the beam in the determined direction. Typi-
cally, for a narrow beam, with an aperture of about 1° at
—3 dB, it is necessary to provide for a sphere having a
diameter of the order of 70 wavelengths.

FIGS. 3 and 4 illustrate the performance characteris-
tics obtained with an array made according to the
teachings of the invention, comprising 377 sources dis-
tributed with a mean pitch of 3 wavelengths and a mean
random -deviation of %= 1.5 wavelength.

In the two graphs, the gain G has been shown as a
function of the elevation angle (the azimuthal angle
being fixed in both figures at 60°).

FIG. 3 corresponds to an aiming of the beam at an
elevation angle of 0°, while FIG. 4 corresponds to an
aiming at an elevation angle of 60°.

We thus obtain a width of the beam, at —3 dB, of
2.52° in the former case and 2.56° in the latter case. In
the latter case, we should emphasize the excellent per-
formance characteristics of narrowness of the beam
although we have, at the same time, a big elevation
angle (60°) and a big azimuthal angle (60° too). Also to
be noted is an absence of variation of the maximum gain
(point A) in either case, which reveals an excellent
isotropy in elevation.

The antenna according to the invention lends itself to
numerous applications, among which we might indi-

cate:

radars on board ships where there is typically the
need for both hemispherical coverage and vertical po-
larization to get rid of the effects of reflection on the
sea;

IFF radars and tracking radars for weapons systems,
for which a continuous rotation of the beam is ill-suited.
For, once the threats are localized, it is necessary to be
capable of exchanging information sequentially in a
plurality of well-determined directions, capable of ex-
tending throughout the horizon and with big elevation
angles, these being directions which, desirably, should
be capable of being reached selectively without it being
necessary to scan the entire horizon as is the case, pres-
ently, with continuous rotation radars.

What is claimed 1s:

1. An antenna with three-dimensional coverage and
electronic scanning, said antenna being of the random-
ly-distributed, rarefied, volume array type, with a fixed
array comprising a plurality of elementary antennas
each having a substantially omnidirectional radiation
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pattern, said elementary antennas being distributed ac-
cording to a statistically isotropic random relationship
within a boundary volume which is a volume of revolu-
tion, the mean value of the spacing between said ele-
mentary antennas being substantially greater than a half
wavelength of the minimum frequency to be received
or transmitted, each elementary antenna being con-
nected to individually controllable phase-shifter means,
wherein said elementary antennas are vertically-ori-
ented dipoles,
and wherein said dipoles are each fed by a supply line
comprising a first section extending horizontally
between the respective dipole and a common verti-
cal tower, said tower being coaxial with said
boundary volume which is a volume of revolution.
2. An antenna according to claim 1, wherein said
boundary volume is a sphere.
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3. An antenna according to claim 1, wherein said first
sections of the supply lines are self-supporting means
mechanically supporting the respective dipoles on said
common vertical tower.

4. An antenna according to claim 1, wherein the
supply lines comprising said first sections further com-
prise respective second sections extending inside said
tower up to, or down to, said individually controllable
phase-shifter means.

5. An antenna according to claim 1, wherein said
individually controllable phase-shifter means comprise
active modules connected to a respective elementary

antenna.
6. An antenna according to claim §, wherein said

active modules are paced on the supply line inside said

tower.
7. An antenna according to claim 1, wherein said

dipoles are made from thin wires.
* X * % ¥
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